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Abstract
To describe the ground (gr) and excited states of even-even deformed nuclei with the
phenomenological model, which takes into account the mixing ground (gr), 0+2 (β1)–,
0+3 (β2)–, 2
+
1 (γ1)–, 2
+
2 (γ2)– andK
pi = 1+
ν
rotational bands the calculation has been done
for the isotope 172Y b. The energy specterum is described. The reduced probability of
electric quadrupole, monopole and dipole magnetic transitions from the states 0+
ν
and
2+
ν
- bands to the ground (gr) state band is calculated. A non adiabatic effect in the
energy and electromagnetic characteristics is discussed.
1 Introduction
In last year the interest to study the properties of the deformed nuclei has
especially raised in connection with discovering of new collective isovector
magnetic dipole modes. The measured energy values under the mentioned
above conditions of such fashions testify that they are located not so high
as the excitation spectrum, and the account of mixing of conditions isovec-
tor magnetic modes with low - lying states can lead to interesting physical
phenomena [6].
The 172Y b nucleus is the most studied nucleus. It has many clearly ob-
servedKpi = 0+ bands with the developed rotational structure. Some of these
bands include levels with enough spins [3]. In (n, γ) reactions, large number
of γ– transitions taking into account conditions on levels below 2 MeV are
also investigated γ– beams unloading these conditions [3].
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1
The experimental and theoretical works are devoted to studies of rota-
tional levels properties. In the majority of these works characteristics of
electromagnetic transitions [3, 4, 5, 6] are studied.
Experimental values of B(E2) on the low - lying levels Kpi = 0+ν and 2
+
ν
bands [3, 4, 7, 8], as well as ratio values XI(E0/E2), dimensionless matrix
elements E0– transition ρ(E0) and factor of multipole mixture δ(E2/M1)
are available [7, 8, 9, 13, 14, 15]. Last years, were dedicate to intensive
experiments for definition of low - lying collective states Kpi = 1+ in the
deformed nuclei, in particular in isotopes 172,174,176Y b, and to development of
their theoretical researches.
The present work studies electromagnetic characteristics of the 172Y b iso-
tope. The resulted probabilities and matrix elements for E0– , E2– andM1–
transitions, as well as multipoles mixture factors are calculated. These cal-
culations were performed within the phenomenological model [6], in which
mixing of low - lying conditions, βν , γν and rotational bands are considered.
2 Model. The energy spectrum
The application of the phenomenological model gives more interesting in-
formation about the states rotational bands Coriolis mixing to explain un-
expected effects. The basic states of the Hamiltonian include ground (gr),
0+2 (β1)–, 0
+
3 (β2)–, 2
+
1 (γ1)–, 2
+
2 (γ2)– vibrational andK
pi = 1+ν rotational bands.
The Hamiltonian of the model is written as [6]:
H = Hrot(I
2) +HσK,K ′(I) (1)
here Hrot(I
2)– is rotational part,
HσK,K ′(I) = −ωKδK,K ′ − ωrot(I)(jx)K,K ′χ(I,K)δk,K ′±1 (2)
where (jx)K,K ′– is the matrix element (m.e.), describing the Coriolis coupling
of rotational bands, and ωrot(I)– is the angular frequency of core rotation
(ωrot(I) = dEcor(I)/dI), ωK– head energy bands and
χ(I, 0) = 1, χ(I, 1) = [1− 2
I(+1)
]1/2
2
The eigen wave function of Hamiltonian is
|IMK > =
√√√√2I + 1
16pi2


√
2ΨIgr,KD
I
M,0(θ) +
∑
K
ΨIK ′,K√
1 + δK ′,0
×
× [DIM,0(θ)b+K ′ + (−1)I+K
′
DIM,K ′(θ)b−K ′
]}
(3)
here ΨI
K ′ ,K
– is the amplitudes of the basis state mixing. The states consist
of (5+ν) bands, where ν– is the number of included 1+– states. It includes
ground |0 > state bands and the single - phonon b+λ−2,K|0 >= b+K|0 > with
Kpi = 0+γ , 2
+ and 1+ν – rotational bands.
By solving the Schrodinger equation
HσK,nΨ
I
K,n = ε
σ
nΨ
I
K,n. (4)
we obtained wave function and energy of states with positive parity.
Total energy of states is determined by following equation
Eσn(I) = Erot(I) + ε
σ
n(I). (5)
Energy of rotational core Erot(I) can be determined by different methods,
for example, by Harris parameterization [10] of the angular moment and
energy.
√
I(I + 1) = J0ωrot(I) + J1ω
3
rot(I)
Erot(I) =
1
20
ω2rot(I) +
3
4
J1ω
4
rot(I) (6)
where J0 and J1– parameters of inertia of rotational core. We propose for
small spin the energy of rotational core conceders with the energy of ground
rotational bands [11]. The values of these parameters were obtained from
equation (6) by using experimental data for the ground bands energy for
I ≤ 10. Head energy ground band state and βn– band were taken from
experiments, so that they are not influenced by the Coriolis forces. Matrix
elements of Coriolis mixture rotational states (jx)K,K ′ and head energy γ–
bands (ωγ), were determined by fitting the calculated energies spectera with
positive parity states from experimental data. In this case, (jx)K,11 = (jx)K,12.
Parameters of the model are presented in Table 1. Theoretical and exper-
imental spectra energy are given in the figure 1. One can see from fig.1
that our model describes the energy of positive parity states well. From the
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energy spectrum we can see that energy β2 and γ1 bands are close to each
other. These effects must be shown in the electromagnetic transitions, which
is different their from adiabatic values.
Table 1. Parameters of calculations
ωγ1 ωγ2 (jx)gr,1ν (jx)β1,1ν (jx)β2,1ν (jx)γ1,1ν (jx)γ2,1ν J0 J1
1.395 1.530 0.106 1.167 0.778 0.525 0.625 36.37 127.49
ωK– is the bandhead energy;
(jx)K,K ′– is the matrix element at Coriolis mixture;
J0 and J1– is the inertia moment.
3 Electric quadrupole transitions
The reduced probability E2 transitions between type (3) states are given as
[1, 2]:
B(E2; IiKi → IfKf) = 1
2Ii + 1
|< IfKf ‖ m̂(E2;µ) ‖ IiKi >|2 (7)
The calculated electric E2– transitions from the state IiKi to the ground
state bands IfKf [6, 12] are
B(E2; IiKi → Ifgr) = {
√√√√ 5
16pi
[ΨIfgr,grΨ
Ii
gr,KIC
If0
Ii0;20 +
∑
n
Ψ
If
Kn,grΨ
Ii
Kn,KiC
IfKn
IiKn;20] +
√
2[ΨIfgr,gr
∑
n
(−1)KnmKnΨIiKn,Ki√
1 + δKn,0
C
If0
IiKn;2−Kn +Ψ
Ii
gr,Ki
∑
n
mKnΨ
If
Kn,gr√
1 + δKn,0
C
IfKn
Ii0;2Kn]}2 (8)
Here mK =< gr|m̂(E2)Kpi >, Kpi = 0+, 2+ and 1+ν are some constants,
which can be obtained from the experimental data, Q0 intrinsic quadrupole
moment of nuclei, C
IfKf
IiKi;2(Ki+Kf )
– are Klebsh - Gordan coefficients.
In the adiabatic approximation, the reduced probability of E2 transitions
from the β– and γ– vibrational bands are given by:
Brot(E2; Iiβ → Ifgr) =| m0CIf0Ii0;20 |2 (9)
Brot(E2; Iiγ → Ifgr) =| m2CIf0Ii2;2−2 |2 (10)
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which allows m0 and m2, parameters calculation by using experimental data
[3]. However, when they are close to each other, they strongly mix even at
I = 2 and adiabatic approximation (9) and (10) cannot be used (becomes
inapplicable).
Calculated probabilities E2– transitions from 0+n and 2
+
n – vibrating bands
onto levels of the ground band and resulted matrix elements E2– transitions
from states 0+2 , 2
+
1 and inside of the ground band are calculated. Comparison
of experimental data [3, 8] and calculated values of quadrupole transitions
probabilities are presented in Table 2. The calculated and experimental [4]
values of the reduced matrix elements E2– transitions from states 0+2 , 2
+
1
band to inside of the ground (gr) bands are given in Table 3. One can note
that E2– calculations probabilities were calculated by using the following
values of m parameters:
mβ1 = 12.65e · fm2; mβ2 = 0.374e · fm2;
mγ1 = 1.5e · fm2; mγ2 = 1.5e · fm2;
m11 = 14.0e · fm2; m12 = 9.0e · fm2;
The values of intrinsic quadrupole moment is taken as Q0 = 791fm
2 [6]. One
can see from Tables 2 and 3 that the experimental data is well reproduced
when the above model is used.
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Table 2. Reduced probability E2– transitions
IiKi → IfKf experiment theor IiKi → IfKf experiment theor
B(E2)[3, 8] B(E2) B(E2)[3, 8] B(E2)
0β1 → 0gr – – 2γ1 → 0gr 75(6) 54
0β1 → 2gr 160(50) 160 2γ1 → 2gr 121(12) 90
2β1 → 2gr 52(8) 41 4γ1 → 4gr 67(12) 85
4β1 → 4gr – 29 2γ1 → 4gr 6.8(7) 5
2β1 → 0gr 14(1) 31 3γ1 → 2gr 152(11) 143
2β1 → 4gr 140(20) 90 3γ1 → 4gr 79(6) 64
0β2 → 0gr – – 2γ2 → 0gr 32.(4) 27
0β2 → 2gr 0.14 0.14 2γ2 → 2gr 51(7) 46
2β2 → 2gr 12(1) 29 4γ2 → 4gr – 47
4β2 → 4gr – 75 2γ2 → 4gr 3.3(4) 2
2β2 → 0gr 3.4(2) 21 3γ2 → 2gr 54(7) 42
2β2 → 4gr 1.0(1) 1 3γ2 → 4gr 22(3) 22
Table 3. Reduced matrix elements E2 - transitions (eb)
IiKi → IfKf Expe [4] Theor IiKi → IfKf Expe [4] Theor
2γ1 → 0gr 0.208+0.010−0.040 0.164 2gr → 0gr 2.45±0.12 2.50
2γ1 → 2gr 0.250+0.016−0.018 0.212 4gr → 2gr 3.76±0.19 4.0
2γ1 → 4gr 0.063+0.009−0.004 0.050 6gr → 4gr 5.34±0.27 5.05
4γ1 → 4gr 0.46+0.08−0.13 0.260 8gr → 6gr 5.90±0.30 5.91
4γ1 → 2gr 0.22+0.07−0.05 0.112 10gr→ 8gr 6.71±0.34 6.66
3γ1 → 2gr 0.326(11) 0.316 12gr→ 10gr 7.01±0.35 7.33
3γ1 → 4gr 0.235(6) 0.212 14gr→ 12gr 8.12+0.63−0.43 7.95
2β1 → 0gr 0.090+0.009−0.009 0.124 2β1 → 4gr 0.27+0.02−0.08 0.212
2β1 → 2gr 0.162+0.071−0.008 0.143 4β1 → 4gr – 0.162
4 Electric Monopole transitions
Electromagnetic transitions are important for in the understand the nature
and analyze various modes of nuclear excitations. Type of electric monopole
transitions are of special importance. They are connected with interesting
and poorly studied aspects of nuclear structure.
The main of E0– transition is due to Columb interaction of nucleon with
atomic electrons. The other, ones as well as electromagnetic and other inter-
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actions are not important. One offent - phonon E0– transitions are forbidden
because of angular momentum conservation.
The monopole transitions are usually accompanied by strong quadrupole
transitions. When it is impossible to determine the life - time of the level
being studied, one measures the magnitude of E0/E2– mixing
XI(E0/E2) =
B(E0; i→ f)
B(E2; i→ f) =
e2R40ρ(E0; i→ f)
B(E2; i→ f) (11)
where ρ– is the dimensionless matrix element of E0– transition and R0 =
r0A
1/3 is nucleus charge radius. The transitions between monopole states are
compared with E2– transitions from 0+– level to the 2+– levels, nearest to
the last state in E0– transition.
For the reduced of probabilities of E0– transitions from the Kpi = 0+ν state
bands to the ground rotational bands within present model we find that [6]:
XI(E0; I0i → Igr) = {
∑
m
′
0(Ψ
I
0ν,02
ΨIgr,gr +Ψ
I
gr,02
ΨI0,gr)}, (12)
where ν– quantum number of 0+– bands, that is included to the basis states
of the Hamiltonian (2), m
′
0 =< gr | m(E0) | 0+ν > are the matrix elements
between intrinsic wave functions for the ground - state and the 0+ν – bands,
which are numerical parameters and determined by experimental data. For
the adiabatic case equation (11) may be rewritten as:
XI(E0/E2) = X0(E0/E2)
(2I − 1)(2I + 3)
I(I + 1)
(13)
where
X0(E0/E2) =
B(E0; 00ν → 0gr)
B(E2; 00ν → 2gr) = [
m
′
0ν
m0ν
]2 (14)
Using experimental data m
′
0ν for the 0
+
ν level, it is possible to determine
Xexp0 (E0/E2) by (14).
In case when the parameter m0ν is obtained by adiabatic equation (9),
definition of parameters m
′
0ν
by (14) is accurate since 0+ν levels are not pre-
treated by the Coriolis forces. The value of parameters of m
′
0ν
, obtained
from the experimental data [3], are found to be m
′
02 = 2.154e · fm2 and
m
′
03
= 0.641e · fm2.
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The values of XI(E0/E2) and ρ(E0) for the transitions from state β1–,
β2–, γ1– and γ2– bands are given in Table 4, along with the experimental
data [8, 15]. The experimentally observed K– forbidden E0– transitions
may be described within our phenomenological model. Availability of these
transitions can be explained by mixture of states γ1– and γ2– bands with β1–,
β2– state bands.
Table 4. Characteristics of E0 - transition between the
excitations states
IKi → IKf experiment theor
XI [8, 15] ρ(E0) [15] XI ρ(E0)
0β1 → 0gr 0.028(4) 0.048(7) 0.029 0.048
2β1 → 2gr ¡0.106 0.038(6) 0.11 0.11
4β1 → 4gr 0.020 0.02(2) 0.15 0.14
2γ1 → 2gr ¡0.002 0.02(2) 0.002 0.02
4γ1 → 4gr 0.029(20) 0.05(2) 0.006 0.05
5 Magnetic dipole transitions
Within the present model, the probability of M1– transition from the one -
phonon state to the ground rotation bands levels is a given by equation [6]:
B(M1; IK → I ′0gr) = 3
4pi
|
2∑
K1=1
ΨIK1,KΨ
I ′
K1,grC
I ′K1
IK1;10(gK ′ − gR) +
+
√
6
10
m
′
1Ψ
I ′
gr,grΨ
I
1,KC
I ′0
I1;10 |2 (
eh¯
2Mc
)2. (15)
here gK– intrinsic g– factor bands with K 6= 0.
The rare - land and transuranium region on deformation nuclei of gR–
factor have the following value gR ∼= 0.4±0.1 (gR = Z/A) [1] from systematic.
In the adiabatic approximation, the transitions from IKpi = 11+ state we have
[6]:
B(M1; 11+ → 00+gr) =
3
4pi
(
eh¯
2Mc
)2 · 0.02(m′1)2. (16)
Using the experimental data ofM1– transitions probability it is impossible
to calculate m
′
1 parameters. For the magnetic momentum of state we have
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the following equation:
µK(I) = gRI +
∑
K ′=1
| ΨIK ′,K |2 (gK ′ − gR) +
√
3
10
m
′
1Ψ
I
gr,KΨ
I
1,K
√√√√ I
I + 1
. (17)
Usually, instead of the M1– transitions reduced probability one can use the
coefficient of the multipole mixture δ, the value of which was determined
experimentally by
δ(IiKi → IfKf) = 0.834 · Eγ(MeV )< IfKf ‖ m̂(E2) ‖ IiKi >
< IfKf ‖ m̂(M1) ‖ IiKi >(
e · b
µY a
). (18)
In the adiabatic approximation for the transition inside one state band
with K 6= 0 the equation (18):
δ = 0.933
eQ
gK − gR
Eγ√
I2 − 1. (19)
where, Eγ– energy of γ– transition. The theoretical and experimental values
of δ(E2/M1): [7, 11] are given in Table 5.
Table 5. The multiple mixture coefficients δ(E2/M1)
IiKi → IfKf Eγ exp. [7, 13, 14, 15] theor. [13] theor.
2γ1 → 2gr 1.387 -5.1+1.1−1.6 -4.42 -3.5
3γ1 → 2gr 1.471 -7.3+0.8−1.1 -6.01 -6.5
3γ1 → 4gr 1.289 2.8+0.7−1.0 – -4.4
4γ1 → 4gr 1.398 -1.1+0.2−0.5 and -42.0+36.0−∝ -2.20 -1.8
5γ1 → 4gr 1.532 – – -3.9
5γ1 → 6gr 1.252 – – -2.9
2γ2 → 2gr 1.530 8.0+2.0−1.5 -2.36 -3.7
3γ2 → 2gr 1.622 17.9+2.9−2.2 -2.15 -3.0
3γ2 → 4gr 1.441 5.8+0.7−0.5 -1.56 -2.2
4γ2 → 4gr 1.543 9.0+11.0−3.0 and -0.84+0.09−0.11 -1.23 -2.5
5γ2 → 4gr 1.667 6.4+1.0−0.7 -1.2 -1.6
2β1 → 2gr 1.039 5.0+2.5−1.6 5.80 1.7
4β1 → 4gr 1.026 0.87+0.13−0.13 2.89 0.78
6β1 → 6gr 0.997 0.63+0.07−0.07 1.82 0.46
2β2 → 2gr 1.398 ≥ 2.2 -0.50 3.5
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From Table 5, one can see, that the used model [6] with the twoM1– tran-
sitions operator parameters reproduces well multipole mixture coefficients
δ(E2/M1) for β1 → gr, γ1 → gr and γ2 → gr transitions. It should be noted
that the multipole mixture coefficients of δ(E2/M1) for the β1 → gr, γ1 → gr
and γ2 → gr transitions are equal to zero in the adiabatic approximation.
6 Conclusions
Our calculations taking into account the Coriolis mixture of positive - parity
states give good agreement with experimental data.
The energy spectrum experimental data, probabilities of electric
quadrupole and monopole transitions from β1–, β2–, γ1– and γ2– band to
the rotational levels ground state bands are in good agreement in the present
model. Thus within our theoretical analysis it is possible to explain the E0–
transition from the state γ1– and γ2– band andM1– transition from the state
β1–, β2–, γ1– and γ2– bands to the ground bands level, which is forbidden by
adiabatic approximation.
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